Environmental factors (such as dietary habits, smoking, physical activity, and alcohol consumption) and genetic factors (such as individual, racial, and ethnic differences) are considered to be causes of metabolic syndrome. 6 Because environmental factors can be controlled, appropriate management of such factors can be helpful to prevent metabolic syndrome, cardiovascular disease, and diabetes.
Alcohol consumption often has been reported as an environmental factor that causes metabolic syndrome. [7] [8] [9] [10] Various studies have reported a negative correlation between amount of alcohol consumed and metabolic syndrome, 7,9 a J-shaped correlation, 10 a positive correlation, 8 and even no correlation. 10 Thus, the relationship between alcohol consumption and metabolic syndrome is complex and remains to be elucidated. Several studies have demonstrated that frequency of alcohol consumption also has a critical effect on coronary artery disease. 11, 12 Similarly, it has been reported that prevalence of metabolic syndrome is related to not only amount but also frequency of alcohol consumption. 8 Therefore, in a study on alcohol consumption and prevalence of metabolic syndrome, both amount and frequency of alcohol consumption should be considered. In addition, a standardized method to evaluate alcohol use behavior is required.
The Alcohol Use Disorders Identification Test (AUDIT) has been used in recent studies on the relationship between alcohol consumption and metabolic syndrome. 13, 14 According to these studies, risk of metabolic syndrome increased in individuals classified as problematic drinkers. However, subjects in a previous study on women with metabolic syndrome covered a wide age range of 20-75 years, which may yield insignificant results.
14 Therefore, there is a need to study women in more specific age categories, especially given the effects of female sex hormone or menstruation on metabolic syndrome. 15 Herein, we aimed to investigate the relationships between alcohol use behavior according to the AUDIT and risk of metabolic syndrome and its components in premenopausal women in Korea.
METHODS

Data source and ethical considerations
This study used data from the fifth Korean National Health and Nutrition Examination Survey (KNHANES V), which was administered from 2010 through 2012. The KNHANES V was approved by the Korean Ministry of Health and Welfare and was conducted according to the Declaration of Helsinki. 16, 17 The protocol of the KNHANES IV was approved by the Institutional Review Board of the Korea Centers for Disease Control and Prevention (2010-02CON-21-C, 2011-02CON-06-C, and 2012-01EXP-01-2C). All participants in the KNHANES V provided informed consent. This study was approved by the Institutional Review Board of Seoul St. Mary's Hospital (No. KC15EISI0406). The KNHANES is conducted each year in approximately 10,000 household members aged ≥1 year, by selecting 20 households each in 192 districts according to a stratified cluster sampling method. More information about the sampled participants can be found elsewhere. 15 The total number of participants from 2010 through 2012 was 25,534. A sample of 2,906 satisfied the following conditions for inclusion in this study: 1) woman aged 30 to 49 years, 2) provided complete responses to all physical examination, nutritional, and health surveys, and 3) having regular menstrual periods and not pregnant.
Alcohol use behavior
Individual alcohol use behavior was categorized based on AUDIT score. Main items from the AUDIT include recent alcohol consumption, alcohol dependency, and alcohol-related problems. The test is comprised of 10 questions, each with a possible score of 0 to 4, with the total score ranging from 0 to 40. Previous studies classified that a score of 0 to 7 indicated low-risk drinking; 8 to 15, a medium-level alcohol problem; and ≥16, a high-level alcohol problem. 13, 18 Based on the study of Kim et al. 13 we labeled the categories as the normal use group (score of 0-7), hazard use group (score of [8] [9] [10] [11] [12] [13] [14] [15] , and problem use group (score of ≥16).
Metabolic syndrome
Metabolic syndrome was defined based on the National Cholesterol Education Program Adult Treatment Panel III 19 revised in 2005 and the Korean Society for the Study of Obesity. 20 Metabolic syndrome was determined if ≥3 of the following criteria were met: 1) abdominal obesity (waist circumference ≥85 cm), 2) high blood glucose level (fasting blood glucose level ≥100 mg/dL) or receiving diabetes treatment, 3) hypertriglyceridemia (triglyceride level ≥150 mg/dL) or taking dyslipidemia medications, 4) low high-density lipoprotein (HDL-C) level (HDL level <50 mg/dL) or taking dyslipidemia medications, and 5) high blood pressure (systolic blood pressure ≥130 mm Hg or diastolic blood pressure ≥85 mm Hg) or taking antihypertensive medications.
Statistical analysis
Participants of Korea NHANES were selected based on stratified, multi-stage probability-sampling design. Weights for each respondent, representing the inverse of their sampling probability, were provided by the Korean Center for Disease Control, and participants were included in most analyses that were conducted in order to produce estimates representative of the non-institutionalized Korean civilian population. Based on the survey taken by the representative of each household, the question ''Do you menstruate?'' was answered "Yes" and "Are you pregnant now?" was answered "No. " All statistical analyses were performed using SPSS software (ver. 18.0 for Window; SPSS Inc., Chicago, IL, USA). Groups were determined according to the AUDIT score and were evaluated percentage by χ 2 -test to compare demographic characteristics. To analyze metabolic syndrome and its components according to group, analysis of variance (ANOVA) and analysis of covariance (ANCOVA) with post-hoc analysis was used, with adjustment for age, smoking status, physical activity, marital status, household income, and education level, data are presented as mean and standard error. Logistic regression analysis with a post-hoc test was used to evaluated odds ratios (OR) and 95% confidence intervals (CI) of metabolic syndrome and its components. In model 1, age, smoking status, and physical activity were adjusted. In model 2, marital status, household income, and education level were adjusted in addition to factors in model 1. Statistical significance level was set at p=0.05.
RESULTS
Characteristics of the study population
The demographic distribution was examined after the sample was divided into three groups according to AUDIT score. The groups showed significant differences in age, smoking status, marital status, and education level ( Table 1) .
The problem use group had more women who were current smokers (p<0.001) compared to those in the normal use group. The proportion of women who responded as currently married was significantly different among groups (p<0.001). The proportion of women who did not graduate from college was also significantly different among groups (p<0.001). 
Metabolic syndrome components
According to unadjusted analysis, waist circumference was larger; systolic blood pressure, diastolic blood pressure, triglyceride level, and HDL-C level were higher in the problem use group than in the normal use group and hazard use group (Table 1). In the ANCOVA to compare risk factors for metabolic syndrome among the three groups waist circumference was larger and fasting blood glucose level, systolic blood pressure, diastolic blood pressure, and HDL-C level were higher in the problem use group than in the normal use group and hazard use group (Figure 1 ). Table 2 shows the ORs and 95% CIs for metabolic syndrome and its components in the hazard use group and problem use group using the normal use group as a reference. Participants in the problem use group had higher odds of presenting with metabolic syndrome compared to that in the normal use group in the unadjusted model (OR 2.996; 95% CI 1.734-5.177). Furthermore, in model 1, there was a positive association between AUDIT score and presenting with metabolic syndrome (OR 3.069; 95% CI 1.635-5.758; p<0.001). All components of the metabolic syndrome also had a positive association. After adjusting for age, smoking status, physical activity, marital status, household income, and education level, the problem use group showed a positive association with metabolic syndrome (OR 2.877; 95% CI 1.523-5.435; p=0.004). The problem use group also showed significant associations with large waist circumference (OR 2.263; 95% CI 1.294-3.957), high fasting blood glucose level (OR 3.034; 95% CI 1.721-5.348), high blood pressure (OR 3.377; 95% CI 1.871-6.095), and high triglyceride level (OR 3.204; 95% CI 1.800-5.702). With regard to low HDL-C level, the OR in the problem use group was 0.534 (95% CI 0.299-0.954), which was significantly lower than that in the normal use group.
Odds ratios for metabolic syndrome and its components
DISCUSSION
Metabolic syndrome is considered to be a critical health problem worldwide. It carries a high potential of developing cardiovascular disease and/or diabetes if its related components, such as high blood pressure and triglyceride level, are not managed. The prevalence of metabolic syndrome and its components is increasing. 20 Alcohol consumption has been reported to be associated with the increasing prevalence of metabolic syndrome, but the relationship is complex and requires further elucidation. 7, 9, 10, 18 The present study used the AUDIT, which considers both amount and pattern of alcohol consumption, and examined the relationship between AU-DIT score and risk of metabolic syndrome and its components in Korean women.
Risk of metabolic syndrome and its components increased with an increase in AUDIT score in this study. Accordingly, if amount of alcohol consumed exceeded a certain level, it was considered to increase risk of metabolic syndrome. A previous study conducted in the United States, which examined prevalence of metabolic syndrome related to amount and frequency of alcohol consumption in adults aged 20 to 84 years, also demonstrated increased waist circumference, blood pressure, triglyceride level, and fasting blood glucose level as amount and frequency of alcohol consumption increased. 8 In another study that investigated prevalence of metabolic syndrome by using the AUDIT and the 2008 KNHANES data in men, likelihood of abdominal obesity, high blood glucose level, high blood pressure, high triglyceride level, and metabolic syndrome was higher in those classified in the problem use group compared with the nondrinking group. 13 Previous studies including either adults of both sexes or men only 8, 11, [21] [22] [23] [24] have indicated excessive alcohol consumption affects occurrence of metabolic syndrome in all adults regardless of sex, which is consistent with the current study focused on premenopausal women.
Although this study examined metabolic syndrome and not 10, 24 In a previous meta-analysis, McFadden et al. 25 reported that daily alcohol consumption increased systolic blood pressure by 2.7 mm Hg and diastolic blood pressure by 1.4 mm Hg. Yoon et al. 10 also observed that daily consumption of alcohol exceeding 30 g increased blood pressure, while alcohol consumption at more than a moderate level also increased triglyceride level in the blood. Alcohol increases triglycerides in the blood, inhibits lipid oxidation in adipose tissue, and stimulates fat deposition, which occurs initially in the abdominal area. 22 Duncan et al. 26 reported that excessive drinking changed the level of sex hormones, leading to abdominal obesity, whereas moderate drinking reduced waist circumference. Other studies also demonstrated a significant relationship between excessive alcohol consumption and waist circumference. 27, 28 Therefore, caution should be taken against excessive drinking, and the components of metabolic syndrome should be managed with care.
In this study, we observed that risk of low HDL-C level was significantly lower in the hazard use group than in the normal use group, which is consistent with previous studies showing that HDL level was elevated in groups who consumed a large or moderate amount of alcohol. 8, 10, 29, 30 The reason for the consistent findings, despite the fact that previous studies examined both men and women aged ≥20 years, whereas this study examined only women aged 30 to 49 years, is that elevated serum HDL level in alcoholics is highly associated with liver damage. 31 Furthermore, the negative correlation between HDL-C level and mortality associated with coronary artery disease was reported to be much smaller in a recent study on high level of alcohol consumption. 29 This finding suggests that increased HDL-C level is not necessarily interpreted as cardioprotective. In a previous study of Koreans.
10 the dose-response relationship between alcohol consumption and metabolic syndrome, as measured in ORs, was significant in both high-and low-HDL-C groups. Therefore, the conclusion that a moderate amount of alcohol has an advantage, only based on increased HDL-C level, should be re-evaluated.
The analysis in this population-based study was conducted using a large pool of subjects aged 30 to 49 years. There were significant relationships among AUDIT score, prevalence of metabolic syndrome, and metabolic syndrome components in this group of women. A previous study evaluating a smaller pool of women aged 20 to 75 years did not find an association between AUDIT score and metabolic syndrome.
14 However, they did not specify the women's age or analyze the relationships between AUDIT score and metabolic syndrome components. On the other hand, the current study targeted premenopausal women with similar hormonal status. In this specific age group, there were significant relationships among AUDIT score, metabolic syndrome, and metabolic syndrome components. Moreover, because the AUDIT assesses amount and frequency of alcohol consumption as well as frequency of excessive drinking, it may be used as a scaled score to predict risk of metabolic syndrome. Despite its desirable methodological features, this study has a few limitations. First, a causal relationship cannot be inferred based on the findings of this study due to its cross-sectional design. Second, dietary habits and family history were not considered as risk factors for metabolic syndrome. In spite of these limitations, this study used national representative samples and large-scale samples collected using appropriate statistical procedures designed for complex-sampling design and accurately assessed processes from community-based surveys. In addition we also found that the scales of the AUDIT score can be a tool to predict the risk of metabolic syndrome and its components. This study used the KNHANES V data and investigated the relationship between alcohol use behavior and metabolic syndrome in women. The results showed that excessive alcohol consumption increased risk of hypertension, diabetes, dyslipidemia, abdominal obesity, and metabolic syndrome, even after adjusting for smoking status, marital status, and education level.
This study provides a basis for future research on prevalence and risk of alcohol-related disease using a scaled score to assess not only amount and pattern of alcohol consumption, but also alcohol-related problems and injuries.
